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PCardiac Rhythm Disorders
rends in Implantable
ardioverter-Defibrillator Racial Disparity
he Importance of Geography
eter W. Groeneveld, MD, MS,*†‡ Paul A. Heidenreich, MD, MS,§ Alan M. Garber, MD, PHD§¶
hiladelphia, Pennsylvania; and Palo Alto and Stanford, California
OBJECTIVES The study was designed to determine whether racial disparity in utilization of the implantable
cardioverter-defibrillator (ICD) has improved over time, and whether small-area geographic
variation in ICD utilization contributed to national levels of racial disparity.
BACKGROUND Although racial disparities in cardiac procedures have been well-documented, it is unknown
whether there has been improvement over time. Low ICD utilization rates in predominantly
black geographic areas may have exacerbated national levels of disparity.
METHODS Discharge abstracts from elderly black and white Medicare beneficiaries hospitalized with
ventricular arrhythmias from 1990 to 2000 were analyzed to determine if ICD implantation
occurred within 90 days of initial hospitalization. Multivariate logistic regression models were
constructed to assess the relationship between ICD implantation, year of admission, and the
percentage of black inhabitants in each patient’s county of hospitalization while controlling
for clinical, hospital, and demographic characteristics.
RESULTS There was improvement in ICD implantation racial disparity: In the period 1990 to 1992,
black patients had an odds ratio of 0.52 (95% confidence interval [CI] 0.42 to 0.64) for
receiving an ICD compared with whites. However, by 1999 to 2000, the odds ratio for blacks
had risen to 0.69 (95% CI 0.61 to 0.78) (test-for-trend p 0.01). Approximately 20% of this
trend could be explained by reduction in geographic variation in ICD use between areas with
larger black and predominantly white populations.
CONCLUSIONS Rates of ICD implants became more equal among whites and blacks during the 1990s,
although persistent disparity remained at the decade’s end. Geographic equalization in
cardiovascular procedure rates may be an essential mechanism in rectifying disparities in
health care. (J Am Coll Cardiol 2005;45:72–8) © 2005 by the American College of
ublished by Elsevier Inc. doi:10.1016/j.jacc.2004.07.061Cardiology Foundation
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oriven by increasing evidence of clinical benefit, develop-
ent of non-thoracotomy implantation techniques, and
xpanded opportunities for reimbursement (1–4), utiliza-
ion of the implantable cardioverter-defibrillator (ICD) has
ncreased markedly over the past 15 years (5,6). Neverthe-
See page 79
ess, there are indications that this technology is not used
qually in different racial groups, with the rate of implan-
ation among white patients consistently exceeding the rate
mong blacks (7). The recent Institute of Medicine Report,
nequal Treatment, has encouraged exploration of the root
auses of these disparities in order to identify opportunities
or improvement (8). One such contributor may be geo-
raphic differences in the availability of medical technology.
lack patients may be less likely to receive some medical
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are System, Palo Alto, California; Center for Primary Care and Outcomes
esearch, Stanford University, Stanford, California; and ¶National Bureau of
conomic Research, Stanford, California. Supported by the Agency for Healthcare
esearch and Quality (Dr. Groeneveld, #T32-HS000028-17) and the National
nstitute of Aging (#P01-AG005842-17).e
Manuscript received April 28, 2004; revised manuscript received July 19, 2004,
ccepted July 28, 2004.echnologies because they live in areas where the technolo-
ies are underutilized (9). For example, approximately 54%
f elderly black Americans live in the southern U.S. (10),
nd previous studies have suggested that many southern
tates have below-average utilization of beneficial medical
rocedures (11,12).
Rapid-growth, innovative technologies such as ICDs may
e particularly prone to racial disparity, as technologies that
re rapidly diffusing through the health care system may be
t greatest risk of being used unequally (13). However, the
henomenon of technology diffusion may also present an
pportunity for reduction in racial disparities, as policies
ight be designed to accelerate the delivery of new tech-
ology to geographic areas that are historically slow to adopt
nnovation (14,15). In this study, we examined 11 consec-
tive years of Medicare administrative data recording ICD
se among elderly patients with ventricular arrhythmias to
etermine if there were trends indicating improvement in
acial disparity, and whether such trends were influenced by
eographic differences in the rate of ICD utilization.
ETHODS
etting. The purpose of this study was to compare the rate
f ICD implantation among a broadly defined cohort of
lderly whites and blacks who were potentially eligible for
t
i
A
s
o
(
s
2
w
d
o
N
a
r
t
y
n
C
h
I
w
1
r
o
a
a
f
d
m
f
t
P
s
a
m
s
(
m
a
u
d
i
s
p
c
s
w
e
b
a
c
t
o
t
t
s
e
t
e
i
e
c
d
a
s
v
a
c
a
s
s
m
H
A
a
d
m
h
t
c
s
h
h
h
m
n
O
a
p
c
p
t
c
i
i
h
d
a
a
r
M
t
73JACC Vol. 45, No. 1, 2005 Groeneveld et al.
January 4, 2005:72–8 Trends in ICD Racial Disparityhe procedure, and to analyze time trends in racial disparity
n ICD utilization during the 1990s. Stanford University’s
dministrative Panel on Human Subjects in Medical Re-
earch approved the research protocol. The primary sources
f data were Medicare Provider Analysis and Review
MEDPAR) administrative records from a random 20%
ample of all elderly Medicare beneficiaries from 1990 to
000. We identified elderly Medicare beneficiaries who
ere hospitalized with an admitting, primary, or secondary
iagnosis of ventricular fibrillation, ventricular tachycardia,
r cardiac arrest (International Classification of Diseases,
inth Revision, Clinical Modification codes 427.4, 427.41,
nd 427.5) (16). These were the only diagnoses for which
eimbursement for ICD implantation had been approved by
he Center for Medicare and Medicaid Services during the
ears of the study (17). All patients were admitted to
on-federal hospitals in the 50 states or the District of
olumbia. We excluded patients who were enrolled in a
ealth maintenance organization or who had a previous
CD implantation recorded in the MEDPAR database, and
e limited our cohort to patients admitted between January
, 1990, and October 2, 2000, as insufficient follow-up
ecords were available to determine if ICD implantation had
ccurred within 90 days of hospitalization among those
dmitted after this period. All patients were black or white
nd between the ages of 65 and 94 years of age. After
orming the initial cohort, we excluded patients who had no
emographic information recorded in the Medicare enroll-
ent database, or who had ambiguous or conflicting entries
or date of death, discharge destination, or hospitalization in
he MEDPAR record.
atient characteristics. Demographic information was ab-
tracted from the Medicare enrollment database, in which
ge and gender were determined from birth record docu-
entation used in Social Security applications, and race was
elf-reported. We estimated Zoning Improvement Plan
ZIP) code-specific median income and educational attain-
ent using data from the 1990 and 2000 U.S. Census. To
djust for differences in comorbidities between patients, we
sed a validated method of risk-adjusting administrative
ata using diagnosis codes recorded in the index hospital-
zation record. A vector of 29 dummy variables was con-
tructed for each patient, with values dependent on the
resence or absence of diagnostic codes for each clinical
ategory (18). This method has been demonstrated to be
uperior in several cases for predicting short-term mortality
hen compared with the Charlson comorbidity index (19),
Abbreviations and Acronyms
CI  confidence interval
ICD  implantable cardioverter-defibrillator
MEDPAR  Medicare Provider Analysis and Review
ZIP  Zoning Improvement Planven when a “look-back” to previous medical encounters has leen incorporated into the Charlson calculation (20). We
lso determined whether there was coding for acute myo-
ardial infarction (410) or cardiac ischemia without infarc-
ion (411). As our previous work suggested that a diagnosis
f anoxic brain injury was an independent, negative predic-
or for receipt of an ICD (7), we recorded the presence of
his code (34.81) in the MEDPAR record as well.
Because socioeconomic factors can influence the relation-
hip between quality of health care and outcomes (8), we
stimated educational attainment and income by matching
he subject’s race and ZIP code to race-specific, median
ducation and per-capita income as reported, by ZIP code,
n the 1990 and 2000 U.S. Census. We used simple linear
xtrapolation to estimate ZIP code level income and edu-
ation for years of admission between 1990 and 2000. “Hot
eck” imputation was used to substitute for absent income
nd education data in the census (5% of patients lived in
uch areas) (21). Income levels were adjusted for regional
ariation in cost-of-living using indices for 1990 (22), and
ll incomes were adjusted to year 2000 dollars using the
onsumer price index (23). Although ZIP code data cannot
ccurately estimate the socioeconomic status of individuals,
uch data have been used effectively in health care utilization
tudies to control for socioeconomic variation among com-
unities (24–26).
ospital characteristics. We used linked data from the
merican Hospital Association to identify each patient’s
dmitting hospital and to ascertain the institution’s aca-
emic status. We classified a hospital as an academic
edical center if it was a member of the council of teaching
ospitals, comprising approximately 500 medical centers in
he U.S. (27). To determine whether patients were receiving
are in an urban hospital, we first identified the health
ervice area (i.e., locality sharing tertiary referral centers and
ealth services infrastructure [28]) in which the patient was
ospitalized. We assigned “urban” status to those patients
ospitalized in health service areas with greater than one
illion inhabitants in the 2000 U.S. Census—61 of the
ation’s 802 health service areas met this definition (10,28).
utcomes. The primary outcome of interest was receipt of
n ICD within 90 days of hospital admission, as many
atients hospitalized with ventricular arrhythmias have a
ompelling clinical indication for prompt defibrillator im-
lantation. The dates of defibrillator implantation (Interna-
ional Classification of Diseases-Clinical Modification pro-
edure codes 37.94 or 37.96) were determined from the
ndex and all subsequent MEDPAR records for each patient
n our cohort through the year 2000. As patients who may
ave otherwise received a defibrillator within 90 days of
ischarge may have died before having the opportunity, we
lso determined the date of the patient’s death from the
nnual Medicare enrollment database, which was cross-
eferenced to the Social Security Death Master File.
ultivariate analyses. We modeled defibrillator utiliza-
ion using multinomial logistic regression, a method of
inear modeling in which the dependent variable has more
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Trends in ICD Racial Disparity January 4, 2005:72–8han two discrete outcomes. The three potential outcomes
or our models were: 1) survival to 90 days after index
dmission without receiving a procedure; 2) death before 90
ays without a procedure; or 3) receipt of procedure within
0 days of admission. All regression models included
ender, age, income, education, year of admission, the
lixhauser comorbidity vector, coding for ventricular fibril-
ation or ventricular tachycardia on admission, coding for
noxic brain injury or coronary ischemia during hospitaliza-
ion, and whether the qualifying diagnosis was the admit-
ing and/or primary diagnosis.
In the first regression model, we included an interaction
erm between the year of hospital admission and race to
scertain whether there was a significant temporal change in
he relationship between race and procedure receipt. The
econd model included all the variables in the first model
lus an additional variable indicating the percentage of black
nhabitants in the county where the patient was hospitalized
10), as well as an additional interaction between this
ariable and year of admission. By adding this second
ime-trend, we could measure the effect on the slope
stimate of the original race-year trend—a reduction in
lope would indicate that changes over time in the effect of
ace could be explained by increased procedural availability
ver time in areas with higher black populations. We
ypothesized that technology diffusion and racial disparity
ay be materially different at academic compared with
on-academic hospitals, thus we applied our models to the
ntire cohort as well as to sub-cohorts comprising patients
dmitted to academic and non-academic centers.
We used t tests to compare continuous variables except
hen data were skewed, in which case the Wilcoxon
ank-sum statistic was used. We used chi-square tests to
ompare categorical variables. Comparisons between the
alues of coefficients in nested multivariate models followed
he method of Clogg et al. (29). We used Bonferroni’s
orrection for multiple pair-wise comparisons. All analyses
ere performed using SAS version 8.2 (SAS Institute, Cary,
orth Carolina), except for the regression procedures,
hich were performed using STATA version 7.0 (Stata
orp., College Station, Texas). All regression models were
djusted for data being clustered, and all significance tests
ere two-sided. We assumed a p value of 0.05 was
tatistically significant.
ESULTS
e identified 570,575 white or black elderly patients
ospitalized with cardiac arrest or ventricular arrhythmia
etween 1990 and 2000 (Table 1). The proportion of black
atients closely approximated the fraction of elderly Medi-
are beneficiaries who are black (30). As compared with
hite patients, black patients were slightly younger, more
ikely to be female, and from communities with lower
ace-specific levels of income and education. Black patients
ere more likely to have been admitted to academic tospitals or hospitals in major urban centers. Clinically,
hite patients were more likely to have ischemic heart
isease, ventricular fibrillation/tachycardia, valvular heart
isease, peripheral vascular disease, chronic pulmonary dis-
ase, hypothyroidism, early-stage cancer, rheumatologic
isease, and depression. Conversely, black patients were
ore likely to be diagnosed with anoxic brain injury,
ongestive heart failure, pulmonary circulatory disease, hy-
ertension, paralysis, neurologic disease, diabetes, renal
nsufficiency, metastatic cancer, weight loss, fluid/electrolyte
mbalance, anemia, and alcohol abuse.
Defibrillators were implanted within 90 days of hospital
dmission for 5.3% of the cohort. Among all patients who
nderwent ICD implantation within the first year after
ospitalization, 91% of whites and 89% of blacks received
he device within the first 90 days (p  0.003 for the
ifference). In academic centers, the ICD implantation rate
mong elderly patients increased from 2% to 13% from 1990
o 2000, whereas in non-academic centers the implantation
ate increased from 2% to 10% (Fig. 1). Substantial differ-
nces in ICD implantation rates among white and black
atients were apparent at both academic and non-academic
edical centers throughout these 11 years. In the final year
f the study (2000), approximately twice as many elderly
hite patients (11%) received ICDs compared with black
atients (6%).
Geographic differences in ICD utilization decreased over
ime. When the ICD implantation rate was compared
etween counties with 10% black population and those
ounties with 10% black population, a “geographic gap”
as noted for non-academic hospitals early in the 1990s
Fig. 2). By the end of the 1990s this gap had closed. For
cademic hospitals, initial geographic near-parity in 1990 to
992 was followed by higher ICD rates in academic
ospitals in counties with smaller black populations in the
id-1990s, but by 1999 to 2000 this difference disappeared.
ncreases over time in the relative ICD implantation rate for
lacks compared with whites were observed in most areas,
ut most markedly in localities with large black populations.
eographically, there were initially higher rates of ICD
mplantation in the Northeast, Great Lakes area, and Pacific
oast in 1990, but by the year 2000 procedure rates were
ore geographically uniform.
Multivariate analyses indicated significant time trends in
oth racial disparity and geographic variation (Table 2).
acial disparity for ICD use was present in both academic
nd non-academic hospitals throughout the 1990s. How-
ver, there was also a significant time-trend for improve-
ent in racial disparity, with the odds ratio for blacks
eceiving ICDs rising from 0.52 in the years 1990 to 1992
o 0.69 in 1999 to 2000 (p  0.01 for trend). Subgroup
nalyses indicated that this improvement was entirely due to
ecreasing disparity in non-academic hospitals (p  0.002
or time trend), whereas we observed no significant time
rend in the ICD racial disparity rate at academic institu-
ions. When additional interaction terms that measured the
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January 4, 2005:72–8 Trends in ICD Racial Disparityime trend of ICD utilization in counties with larger black
opulations were added to the multivariate models, the
lope of the time trend in non-academic hospitals decreased
ignificantly, from 1.045 to 1.036 (p  0.002 for the
ifference). By the year 2000, there was no significant
ifference in the ICD utilization rate between areas with
igher (10%) and lower (10%) black populations.
Modifying the definition of the primary outcome to
nclude receipt of an ICD within 365 days rather than 90
able 1. Characteristics of the Ventricular Arrhythmia Cohort*
(n 
emographic characteristics
Age, mean (SD), yrs 76 (
Female gender 217,312 (
Per-capita income, median (IQR), $ 20,000 (
Education, mean (SD), yrs 13.8 (
Region
Northeast 131,145 (
Midwest 134,387 (
South 187,937 (
West 66,135 (
ospitalization characteristics
Academic hospital‡ 68,874 (
Urban hospital§ 232,237 (
Qualifying diagnosis was admitting diagnosis 68,085 (
Qualifying diagnosis was primary diagnosis 76,787 (
Year of admission
1990–1992 149,505 (
1993–1995 152,618 (
1996–1998 139,997 (
1999–2000 77,484 (
linical characteristics
Anoxic brain injury 12,516 (
Ischemic heart disease 193,496 (
Ventricular fibrillation or ventricular tachycardia 475,288 (
Congestive heart failure 203,349 (
Valvular heart disease 61,903 (
Pulmonary circulatory disease 6,509 (
Peripheral vascular disease 19,700 (
Hypertension 108,095 (
Paralysis 5,281 (
Neurologic disease 25,581 (
Chronic pulmonary disease 97,541 (
Diabetes without complications 51,349 (
Diabetes with complications 11,957 (
Hypothyroidism 15,501 (
Renal disease 12,668 (
Tumor without metastases 22,647 (
Metastatic cancer 3,492 (
Rheumatologic disease 4,616 (
Weight loss 5,097 (
Fluid/electrolyte disturbance 76,461 (
Blood-loss anemia 5,522 (
Deficiency anemia 18,802 (
Alcohol abuse 4,535 (
Depression¶ 5,583 (
Unless otherwise indicated, data appear as number (percentage). †P value for chi-s
Located in a Health Service Area with population exceeding one million. Elixhaus
etween black and white patients.
IQR  interquartile range.ays after hospital admission produced no substantive ehanges in the magnitude or significance of the multivariate
nalysis results.
ISCUSSION
ubstantial racial disparity in ICD utilization persisted
hroughout the 1990s, but utilization progressively equal-
zed in non-academic hospitals. Geographic differences in
CD utilization were present early in the decade, with
es
,604)
Blacks
(n  50,971) p Value
75 (7) 0.0001
25,456 (50) 0.0001
0–25,000) 11,700 (9,600–14,600) 0.0001
12.6 (1.1) 0.0001
0.0001†
9399 (19)
10,839 (21)
27,616 (54)
3117 (6)
13,369 (26) 0.0001
28,970 (57) 0.0001
5,804 (11) 0.0001
6,198 (12) 0.0001
0.0001†
13,336 (26)
14,549 (29)
14,367 (28)
8,719 (17)
1,462 (3) 0.0001
12,918 (25) 0.0001
45,459 (89) 0.0001
23,603 (46) 0.0001
4,991 (10) 0.0001
838 (2) 0.0001
1,760 (3) 0.0001
12,566 (25) 0.0001
884 (2) 0.0001
2,908 (6) 0.0001
7,909 (16) 0.0001
6,520 (13) 0.0001
1,875 (4) 0.0001
735 (1) 0.0001
3,275 (6) 0.0001
2,021 (4.0) 0.0001
488 (1.0) 0.0001
368 (0.7) 0.0001
835 (2) 0.0001
9,725 (19) 0.0001
706 (1.4) 0.0001
2,990 (6) 0.0001
828 (2) 0.0001
258 (0.5) 0.0001
of distribution among categories. ‡Member of the Council of Teaching Hospitals.
orbidity category. ¶All other Elixhauser categories showed no significant differencesWhit
519
7)
42)
16,80
1.2)
25)
26)
36)
13)
13)
45)
13)
15)
29)
29)
27)
15)
2)
37)
91)
39)
12)
1)
4)
21)
1)
5)
19)
10)
2)
3)
2)
4.4)
0.7)
0.9)
1)
15)
1.1)
4)
1)
1.1)
quare
er comlderly ventricular arrhythmia patients living in counties
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Trends in ICD Racial Disparity January 4, 2005:72–8ith 10% black population having a 19% to 23% lower
ikelihood of receiving an ICD in 1990 compared with
atients living in counties with smaller black populations.
owever, by the year 2000, ICD implantation rates in
ommunities with larger black populations essentially
qualed procedure rates in communities with smaller black
opulations. These two phenomena appear to be correlated,
igure 1. Implantable cardioverter-defibrillators (ICDs) implanted among
lderly ventricular arrhythmia patients, by year. The y-axis represents the
ercentage of the target population receiving ICDs for each year indicated
n the x-axis. Black bars  ICD implants among white patients admitted
o non-academic hospitals; diagonally cross-hatched bars  ICD im-
lants among black patients admitted to non-academic hospitals; white
ars  implants among white patients admitted to academic hospitals;
orizontally cross-hatched bars  ICD implants among black patients
dmitted to academic hospitals.
igure 2. Time trends in geographic disparity. The y-axis represents the
ercentage of the target population receiving implantable cardioverter-
efibrillators (ICDs) for each time period listed on the x-axis. Solid line
CDs implanted in academic medical centers in counties with 10% black
opulation; dashed line ICDs implanted in academic medical centers in
ounties with10% black population; dot-dashed line ICDs implanted
n non-academic medical centers in counties with 10% black population;1
otted line  ICDs implanted in non-academic medical centers in
ounties with 10% black population.ith the reduction in geographic variation explaining ap-
roximately 20% of the improvement in racial disparity over
he 11-year time period.
The administrative records on which this study was based
acked sufficient detail to determine if patients met estab-
ished clinical criteria for ICD utilization (3). In fact, given
he broadly defined denominator, undoubtedly many pa-
ients in our cohort had absolute contraindications to ICD
se, such as transient arrhythmias provoked by reversible
auses (e.g., coronary ischemia or electrolyte disturbances)
r extremely limited life expectancy. It was therefore not
ossible to identify the “correct” rate of ICD implantation
hat would have represented the highest quality care (31,32).
owever, our previous work has suggested that the disparity
n ICD utilization measured in administrative databases
epresents under-use among blacks, rather than over-use
mong whites, and the receipt of an ICD was a strong,
ndependent predictor of long-term survival among both
lacks and whites (7).
The persistence of racial disparity in implantable defibril-
ators during the decade of the 1990s, despite numerous
eports documenting the presence of racial disparities in
ardiac care and emphasizing the importance of their
melioration (33–36), is troubling. The Institute of Medi-
ine’s health disparities report described the pervasiveness of
ealth care disparities (8). Our results suggest that such
isparities may also be difficult to change—even as late as
999 to 2000, elderly black patients with ventricular ar-
hythmias continued to have approximately two-thirds the
ikelihood of receiving an implantable defibrillator. This
isparity persisted despite adjustment for numerous demo-
raphic and clinical differences between black and white
atients. Substantial increases in the rate of ICD utilization
mong blacks may still be necessary in order to achieve racial
quity in the care of patients with ventricular arrhythmias.
This study also suggests that geographic factors signifi-
antly contributed to national levels of racial disparity in
efibrillator utilization. Specifically, implantable defibrilla-
ors may have insufficiently “penetrated” the health care
ystems where black patients were more likely to receive
are. As a relatively new technology in the 1990s, ICDs
ere utilized at different rates in different localities, with
elays in growth more likely in areas with larger black
opulations. Our results are in accordance with previous
reliminary evidence suggesting a racial “innovation gap” in
ealth care (13).
This finding poses an important implication for policy-
akers attempting to eliminate racial disparities in health
are, a prominent goal of the U.S. Department of Health
nd Human Services’ “Healthy People 2010” initiative (37):
eographic differences in health care matter. The impor-
ance of this relationship between geography and race in
ealth care disparity was highlighted by Skinner et al. (9),
ho found that 95% of the observed disparity in the rate of
nee replacement surgery among Hispanic women, but only
6% of the disparity observed in black men, was attributable
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January 4, 2005:72–8 Trends in ICD Racial Disparityo geographic differences in procedure. Our results extend
hese findings by demonstrating that for one potentially
ife-saving cardiac procedure, reductions in racial disparity
uring the 1990s occurred simultaneously with decreases in
eographic variability.
Our research suggests that policies designed to reduce
eographic variation in health care by rewarding high-
uality care and discouraging low-quality care may have the
dded benefit of reducing racial disparities. Quality-based
nancial incentives by federal and state health care payers
hat encourage the appropriate use of lifesaving procedures
uch as ICD implantation may consequentially diminish or
liminate both geographic and racial disparities in health
are. Future research initiatives should be focused on delin-
ating the key factors influencing technology adoption by
hysicians and hospitals that care for large numbers of
inority patients. The role of institutional economic barri-
rs to innovation deserves special emphasis.
tudy limitations. Limitations of this study include issues
elated to both the observational design and nature of
dministrative data. Observational studies cannot prove
ausality, thus the correlation we observed between im-
rovement in geographic disparity and reduction in racial
isparity does not guarantee that geographic equalization of
rocedure rates actually promotes health care equity. Fur-
hermore, administrative data lacks the rich detail of med-
cal records—it is possible that systematic differences exist
etween the accuracy and/or detail of records for white and
lack beneficiaries, or between records produced by hospi-
als in areas with large black populations and hospitals in
redominantly white areas. Also, we arbitrarily defined our
utcome as ICD receipt within 90 days of hospitalization,
nd a disproportionate percentage of blacks underwent
mplantation after 90 days. Nevertheless, our results did not
ubstantially change even if the window for ICD implanta-
ion was extended to a full year after hospital admission. In
ddition, the recent changes in clinical indications for ICD
able 2. Results of Multivariate Analyses*
Time Trend(s)
Included in Model 1990–1992 1993–1994 199
ll hospitals
Race‡ 0.51 (0.42–0.63) 0.57 (0.47–0.68) 0.57 (
Race and geography§ 0.52 (0.42–0.64) 0.56 (0.46–0.67) 0.57 (
cademic hospitals
Race‡ 0.56 (0.38–0.81) 0.49 (0.35–0.68) 0.56 (
Race and geography§ 0.53 (0.37–0.76) 0.49 (0.35–0.68) 0.60 (
on-academic hospitals
Race‡ 0.46 (0.37–0.58) 0.54 (0.44–0.67) 0.52 (
Race and geography§ 0.48 (0.38–0.61) 0.54 (0.44–0.68) 0.53 (
Unless otherwise indicated, data appear as the adjusted odds ratio (95% confidence i
dmitted to similar hospitals during the same time period. †Test for whether the
emographic, and hospital covariates, time trend only for race. §Multivariate model
omposition of county.
n/a  not applicable.mplantation may have changed the national pattern of ICDtilization and diffusion such that our observations are no
onger applicable to current practice; however, there is little
vidence to support this. Finally, as all patients in our study
ere older than age 65 years, the results that we observed
ay not apply to younger populations.
ummary. Utilization of the ICD was lower among black
ompared with white elderly Medicare beneficiaries
hroughout the 1990s, although there was more equal
tilization by the end of the decade. Improvement in racial
isparity was associated with reductions in geographic
ifferences in ICD utilization. Policies designed to enhance
he delivery of effective new technologies to localities with
arge minority populations may be essential to eliminate
acial disparities in health care quality.
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